This study was conducted to investigate the effects of the crude extract from Acanthopanax sessiliflorus fruits and the isolated seco-triterpenoids from the crude extract on blood flow in human umbilical vein endothelial cell (HUVEC) invasion assay and angiotensin converting enzyme (ACE) inhibitory activity assay. On the basis of DMSO, the extent of HUVECs' invasion was remarkably decreased with crude extract concentrations of 400 and 1000 μg/mL. Additionally, the extent of the HUVEC invasion inhibitory effect in 400 and 1000 μg/mL of acanthosessilioside F were 55.8% and 72.4%, respectively. In addition, the maximum extent of the HUVEC invasion inhibitory effect of 22-α-hydroxychiisanoside was 88.9%. The IC 50 value of the inhibitory effect on ACE activity in the crude extract was 4 μg/mL. The isolated seco-triterpenoids, 22-hydroxychiisanogenin, 3,4-seco-lupan-20(30)-en-3,28-dioic acid, (1R)-1,4-epoxy-11,22-hydroxy-3,4-seco-lupan-20(30)-en-3,28-dioicacid, (+)-divaroside, and chiisanosidehad showed very high inhibitory effects on ACE activity, ranging from 1.8 to 2.9 μg/mL, which is much higher than the 150.0 μg/mL effect of aspirin. These results suggest that the crude extract from Acanthopanax sessiliflorus fruits and the isolated seco-triterpenoids from the crude extract enhance the blood flow effect by decreasing ACE activity.
Recently, diet changes to compact cooked foods have resulted in an increase in the intake of fat and salt. The one-day average sodium intake of Korean people is more than double the WHO recommended intake. Excessive consumption of salted food increases the risk of developing hypertension [1] . Nowadays, many compact cooked foods, with high fat and sodium contents, are readily available to consumers. Consumption of these foods can lead to diverse cardiovascular diseases, such as a high blood pressure in adults as well as young children [2, 3] . Therefore, the number of people who are interested in 'how-to-consume' and 'what-to-consume' is significantly increasing. The market for healthy diets is expanding in line with the consumers' strong interest in health. To meet their demands, the Korean food industry is working to adapt to a fast-expanding healthy foods market [4, 5] . Their work focuses on the improvement of blood flow by looking to identify the chemical structures and develop healthy beverages from the related plants [6] .
The genus Acanthopanax, family Araliaceae, contains many sources of plants with health benefits. The bark and twigs of Acanthopanax species are traditionally used in Korea as anti-rheumatoid arthritis, anti-inflammatory, and anti-diabetic drugs and are recognized to have ginseng-like activities [7, 8] . Previous studies on their phytochemicals resulted in the isolation of lignans from the leaves and roots, and eleutheroside E has been identified as a major compound. However, most phytochemical and pharmacological studies have mainly focused on the leaves, bark, and roots of Acanthopanax species, and only a few reports have investigated the fruits.
A. sessiliflorus Seem is widely distributed in Korea, China, and Japan. Until now, only a few lignans and seco-triterpenoids have been isolated from the fruits of A. sessiliflorus [8, 9] , and these compounds were investigated for anti-cancer and anti-inflammation effects [10] [11] [12] . However, no study has reported the functionalities of A. sessiliflorus on blood flow-related hypertension. In particular, a blood flow-related study of the fruits has not been conducted. The frosted A. sessiliflorus fruit is called 'Choo-Poong-Sa', which means a messenger to ameliorate a stroke of paralysis [13] . Therefore, the objective of this study was to identify the principal compounds in the fruits of A. sessiliflorus and assess their effects on the improvement of blood flow using HUVECs (Human Umbilical Vein Endothelial Cells) and ACEs (Angiotensin Converting Enzyme).
Inhibitory effects of isolated seco-triterpenoid compounds on invasion of HUVECs:
The crude extracts of A. sessiliflorus fruits were prepared at various concentrations, and then the degree of invasion to the HUVECs was investigated. DMSO was used as a solvent to dissolve the crude extracts. Aspirin, which has a known effect on the improvement of blood flow, was used as a positive control at a concentration of 80 μg/mL, which is the minimum concentration needed to show an effect on the blood flow of a 60 kg adult for one day. Many HUVEC invasions took place in the lower chamber transwell when only DMSO was added. On the other hand, adding 80 μg/mL of aspirin exhibited about a 50.0±0.23% inhibitory invasion compared with the addition of only DMSO. During this experiment the crude extracts were treated at four different concentrations (80, 200, 400, and 1000 μg/mL). The extent of HUVEC invasion was remarkably decreased dose-dependently upon addition of the crude extracts. The concentration of 400 μg/mL of the extracts had a similar HUVECs invasion inhibitory effect as that of 80 μg/mL of aspirin. When 1000 μg/mL of crude extract was used, the extent of the HUVECs invasion inhibitory effect reached up to 72.4±0.33% (Figure 1 ). DMSO was used to dissolve the aspirin and various concentrations of samples. The upper and lower parts of the transwell chambers were coated with 100 μL of matrigel (1.5 mg/mL). The EBM-2 medium in the lower chamber transwell contained a FBS supplement. Cells suspended in serum and supplement free EBM-2 medium were plated on the matrigel-coated inserts in the presence of various concentrations of samples for 24 h at 37℃. The data were collected from three independent experiments and the bar graphs represent the relative number of invaded cells. Values are expressed as mean±S.D of three independent experiments.
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Based on these results, the isolation of the principal compounds from A. sessiliflorus fruits was carried out. Twelve secotriterpenoids were isolated and identified [9] . The degree of HUVECs invasion was then evaluated for the isolated compounds.
In the previous work, the chemical structures of the isolated compounds were identified as acanthosessiligenin I (1), II (2), acanthosessiliosides A, B, D, and F (36), 22hydroxychiisanogenin (7), 3,4-seco-lupan-20(30)-en-3,28-dioic acid (8), (1R)-1,4-epoxy-11,22-hydroxy-3,4-seco-lupan-20(30)-en-3,28-dioicacid (9), (+)-divaroside (10), chiisanoside (11) , and 22hydroxychiisanoside (12) [9] . All isolates demonstrated the inhibition effect on HUVECs invasion action. In particular, acanthosessilioside F (6), chiisanoside (11) , and 22hydroxychiisanoside (12) exhibited a much higher effect on HUVEC invasion inhibition compared with the others ( Table 1) .
The HUVEC invasion inhibitory effect in 400 and 1000 μg/mL of acanthosessiliosides F (6) were 55.8±0.51 and 72.4±0.47%, respectively. In addition, the maximum extent of the HUVEC invasion inhibitory effect was 88.9±0.23% in 22-hydroxychiisanoside (12) . When the concentrations of acanthosessilioside F, chiisanoside, and 22-hydroxychiisanoside were decreased to 6.25 μg/mL, the extent of the HUVEC invasion inhibitory effect ranged from 72.2% to 88.9% ( Figure 2 ). The extent of the HUVEC invasion inhibitory effect slightly increased at a concentration under 6.25 μg/mL. However, the starting aspirin concentration level for the HUVEC invasion inhibitory effect was 25.0 μg/mL (Fig 2) . Based on these results, there is a high possibility that the isolates from the crude extract of A. sessiliflorus fruit could be used to improve blood flow.
ACE inhibitory activity:
The inhibition effect of the crude extract of A. sessiliflorus fruits on ACE (Angiotensin converting enzyme) activity, a hypertension-induced enzyme, was evaluated. The concentrations of the crude extract that were used were 80, 40, 20, 10, 5 μg/mL on the basis of aspirin. The inhibition effects on ACE activity at a concentration of 80 μg/mL of aspirin and the crude extract were 30.7±0.57% and 82.7±0.22%, respectively. Even at a lower concentration of the crude extract, the inhibitory effect on ACE activity was exhibited. The inhibition effects of the extract at 40, 20, 10, and 5 μg/mL on ACE activity were 86.3±0.64, 80.3±0.41, 61.1±0.20, and 59.8±0.91%, respectively (Figure 3 ).
The IC 50 values of aspirin and the crude extract were, respectively, 150.0 μg/mL and 4.0 μg/mL. Namely, the inhibition effect of the crude extract from A. sessiliflorus fruits on ACE activity was superior to that of aspirin. The isolated seco-triterpenoids from the fruits were also evaluated for their inhibition effect on ACE activity. Only acanthosessilioside F (6) Bioactivities of seco-triterpenoids from the fruits of Acanthopanax sessiliflorus Natural Product Communications Vol. 10 (9) 2015 1519 Values are expressed as mean ± SD (n=3).
Consequently, the blood flow-related compounds of A. sessiliflorus fruits were detected. Additionally, these isolates can be used as index materials in food processing analysis when the functionality of the food is determined, such as in functional beverages. Further research is necessary to focus on determining the index material in food processing analysis needed in the functional food processing field. Cell culture: HUVECs were kindly provided by Dong-A Pharmaceuticals in Korea. HUVECs were cultured in a gelatincoated flask at 37 o C, 5% CO 2 with EBM-2 medium (Endothelial cell basal, CC3156, Lonza, Walkersville, USA) supplemented with 2% fetal bovine serum (FBS), ascorbic acid, hydrocortisone, human fibroblast growth factor (hFGF), vascular endothelial growth factor (VEGE), human epidermal growth factor (hEGF), long R insulin like growth factor, gentamicin sulfate, and heparin. HUVECs between passages 3 and 7 were used in this experiment.
Experimental

Cell invasion assay:
The upper and lower parts of the transwell (Corning Costar, Cambridge, MA, USA) inserts were coated with 100 μL of matrigel (type I collagen, 1.5 mg/mL). The transwell inserts were put in FBS-free EBM-2 in a 12-well plate. HUVECs (5x10 4 cells/chamber) were plated on the matrigel-coated transwell and incubated for 24 h. After 24 h the inserts were taken out and the inner surface of the insert was washed with PBS and carefully wiped out using a cotton swab. The cells that had invaded the lower surface of the membrane were fixed with 4% formalin solution and stained with hematoxylin and eosin. Cells in the lower random fields of the insert were counted under a light microscope (CKX41, Olympus, Tokyo, Japan). Aspirin was used as a comparison material in this experiment. ACE inhibitory activity assay: ACE inhibitory activity was analyzed using a modified version of previously described methods [14] . The sample (50 μL) and 100 μL Hip-His-Leu (Sigma, A3-P4DQ11, USA) were dissolved in 0.05 M sodium borate buffer-0.2 M boric buffer (pH 8.3) containing 0.4 M NaCl, and incubated with ACE (150 μL) at 37 o C for 1 h. The reaction was stopped by adding 250 μL 1 N HCL after standing at room temperature for 5 min. The resulting hippuric acid was extracted by addition of 1.5 mL ethyl acetate. After centrifugation (3000 rpm, 10 min), 1 mL of the upper layer was transferred into a glass tube and dried at 120 o C for 30 min and cooled in desiccators for 20 min. Dried samples were mixed with 3 mL distilled water, vortexed for 30 sec at the highest setting, and the absorbance was measured at 228 nm using a spectrophotometer (UV-1650PC, Shimadzu, Kyoto, Japan) The ACE used in this experiment was extracted from 1 g rabbit lung acetone powder (Sigma, L0756, USA) with 0.05 M sodium borate buffer-0. 
Statistical analysis:
Each reported value is the mean of the determinations for triplicate samples prepared from each storage condition, and the data were analyzed by ANOVA and Duncan's multiple range tests. Statistical significance was accepted at a level of p<0.05 [14] .
